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M - 3-Promo-2-t-butylsulfonyl propene 1 is able to react with a 
large array of nucleophiles, but also of electrophiles in the 

presence of a metal . We show here that the resulting functionalized 
vinyl sulfones can add a variety of nucleophiles like lithium organo- 
metallics, lithium cuprates, dimethyl malonate, or nitroalkanes, to 
furnish highly functionalized sulfones, in some cases with a high 
diastereoselectivity. The synthetic potential of 1 is illustrated by an 

to retinal structure and to various enones, and to a conjugated approach 
dienone. 

A- Intrmduction 

In the preceding paper of this series’, we have shown that the title compound 1 may be used 

as an electrophilic or a nucleophilic 

Scheme 1 

; +c+ Br 

species (Scheme 1) 
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We have :takon advantage of the fact that Nucleophiles Nu’ react only once with the 
1 

substrate 1 , so that we could consider either 2 or 3 as potential candidates for a second - - 

nucleophilic addition (Schens 2). 
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Table 1. Products of types and 5 obtained by the addition of a nucleophile respectively to 

sulfones of type 2 and 3 - 

Entry 
Unsatur. 
sul f one 

Nucleophile Product of type 4 or 5avb 
Reactlon Yield % - - conditions 

1 za 

2 zb Ph2CuLi.He2S 
(2 eq.) 

3 zc 

4 3a 

5 3a 

6 z.!! 

7 

0 

9 

10 

11 

12 

13 

14 

z! 

3c - 

zc 

2d - 

3a 

3a - 

38 

3d 

Bu2CuLi 
(2 eq.) 

Eu2CuLi 
(2 eq.) 

(Z)-propen l-y1 
lithium (2 eq.) 

PhLi 
(2.1 eq.) 

(t)-3-hexenyl- 
lithium 

BuLi 
(2.1 eq.) 

BuLi 
(1.05 eq.) 

2-nitropropane 
(excess) 

2-nitropropane 
(excess) 

I-nitrohexane 
(excess) 

dimethylmalonate 5h - 

2-nitropropane 5i - 

l,l-dimethoxy- 5J_ 
3-nitrobutanez 

(excess) 

Bu ** 0-LBU 

+ 

1. hr' at -35' 
*' 

c 
, 

phzYz 

1. hr at -30’ 

>' 
,' 1.5hr at -30° 

IYJJ.Bu 0.30hr at -80° 

pa_," Q.30hr at '-80° 

Et(40JJk 
0.30hr at -80° 

Bu,&pZ 0.30 hr at -80° 

Eu %kQpent 

1. hr at -fJO"' 

% 
leq of DBU 

50 ,, at *;&? 

J&.Bu leq. 0; DBU, 

12 hr at 120° 

pentJJJt.Bu leq. of DBU, 

l.,hf at 25O 

~MeOC0~2 ca “I.;~_ of DBu, 

t.Bu 19 hr at 25O 

JgJ.. ;:',,"',y;. 

H(@4e)2leq. of DBU, 

100hr at 25O 

09 

72 

92 

81 

93 

90 

08 

87 

75 

0 

72 

86 

90 

95 

a/ The dotted lines in compounds 4 and 5 indicate the newly formed carbon-carbon bond 
b/ The diastereoisomeric ratios dzterminated by 'H NIIR are : 5S:95/5, ,b:qO/lO, &:95/5, 

5&V/43, ~:95/5, %:60/32. 
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B - desults md discussion3 

From OUT previous study’ we selected compounds 1 a-c and 2 a-d : 

2: Y = COO-tsr-Bu, 2& : Y = CH=C(Mel,, 

4511 

)_Y C : Y = i.Pr, 

OH 

g: 2 = -CHOH-ter-Bu, j& : 2 = -I, 

2 
3c;z=-c 

P!“ZO 

,d: 

The various nucleophi.lic additions are quoted in table 1. 

Thus; the addit.i,on of lithium cuprates proceeds smoothly 

entries l-3 of table 1. The presence of an ester group in 

(within 1 hr at -30’1 ; see . 
the ‘unsaturated sulfond e is 

tolerated and the cuprate attacks selectively the vinyl sulfone functionality (see entry 1 

of table 1). The/3-hydroxy sulfone 3a reacts with various organolithium compounds CO.25 hr, - 

-BOY) to give, after a remarkably diastereoselective protonation, the p-sulfonyl alcohols 

Sa-56 of a diastereoisbmeric purity lhigher than 90% (see entries 4-6 of table 11. The -- 

formation of a &elate of’type fi I cl 

%i21& 
Li-0 

\Li 

6 

may ‘be fespons.ible for .the highly diestsreoseleotive proton&on. The two bulky ~groups 

‘(-SDZtBu and -tBuyare both in pseudo-equatorial positions in 6‘. The utility of this control 

seems to be unfortunately limited, since the a-hydroxy sulfone 2 gives a mixture of 

diastereoisomers (see entry 7 of table 11. 

A variety ot nitroalkanes5 and dimethylmalonate add to sulfones of type 2 and 2. Thus 

1 equivalent of thr unsaturated sulfone and 1 equivalent of l,&diazabicyclo (5.4.01 

undec-7-ene (OEU) are stirred at 25O in the nitroa1kane.a.s solvent. The rate of the reaction 

depends’ greatly .on the structure of the sulfons. The presence of a (I-hydroxy group in the 

unsaturated sulfone leads to a fast reaction (compare fpr axample.entries 9 and 13 of table 

1). The reaction is very sensitive to s’teric hindrance, since the sulfone 2d which differs - 
from 2c by the presence of one more methyl group on f%position gives no addition reaction - 

even under forcing conditions (12 hr at 120° ; compare entries 9 and 10 of table 1). Also a 

primary nitroalkane gives a faster rdaction than t eecondary one Ccompsrc entries ll’and 13 

of table 1). Dimethylmalonate adds also under similar reaction conditions to furnish with 

good yield and high diastereoselectivity the highly functionalized sulfone 2 (entry 12 of 

table 1). The addition of the easily6 available nitroslkane 1 (see scheme’-31 leads in high 

yield to the hydroxy sulfone 3 which has the same carbon skeletton and the same oxidation 

state as retinal s. This example demonstrates nicely the advantages of a synthesis strategy 

using a multi-coupling reagent, since the retinal precursor 3 was synthesized in only two 

steps starting fromp-ionone, the nitro alkane 1 and the multi-coupling reagent 1 (see entry . 
14 of table 1 and scheme 41. 

Scheme 3 

JJeONe 

7 - 



4512 P. AWMY et al. 

Reaction conditions : A : NH,OHCl, AcONa, 60° (72%) : B : HOC1 (1 eq.) benzene then NaOCl (I 

eq.), HS04 NBu4 (54%) ; C : Hz, 1 atm., 25’9 4 hrl pd/C 

S&am4 

1 - 

L stands for -SOltort-Bu 

(72%) 

s 
211 The starting sulfons 1 may. be also looked at in terms of an l .d d synthon : if the 

d-sulfonyl carbanion is treated with an electrophile E’ (instead of hydrolysis leading to 2). 

+ so2 

l/ Zn,E+ 
Br - Nu 

E 

2/ Nu- + 
3/ E’+ E’ 

!! 

For example, alkylation of a-sulfonyl tertiary carbanions is well documented’, and rrquirrs 

the use of polar aprotic solvents. Yo have chocked that arthylation uas readily achieved in 

the presence of TW/lBWT : BO/20 and l llylation occurs oven in the absence of the la_tter 

solvent (Schema 5) 

Sohae5 

Pent 

c 

Finally, one example will be qiven, whore the sulfonyl 

discarded, once the desired C-C couplings have been carried 

10 - 

moiety of reagent 1 can be 

out. For exallplo, in cases where 

a keto- or hydroxy group has been brought in, in p-position of the sulfone, a ready 

elimination loads to the snone (schooe 6) 

Scham 6 

For this purpose, hydroxy derivatives S&, _ SC (see table 2) have been oxidized by pyridinium 

chlorochromate in dichloromethane’ (lhr at 25OC) and ketals If, 10 have been hydrolyzed by 
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treatment with wet silicagel in dichloromethane 3hr at 25V9. 

The ketones l’&, l& Ilf, 11 thus obtained, when treated with one equivalent of DBU at 25% 

,,in dichloroaethane, load rrsprctively to enones E. g, 1Jf and 14 (see table 2). 

Telo 2. Preparrtion,of woes and diumos fraa-twt-hutyl wlfonyl l lcobols .w -1s 

Substrate intermediate (Y’i&d %) Prodoct Yield %(a) 

5b 

5c Et 

_!f BuJJ4e~t Ilf (851 b4Psntxf 

10 
,3,PentX (88) ,abent lo 

- 

93 

90 

90 

77 

(a) from intermediate ketone 

The newly formed C=C double bond is of E configuration ( >98%) except for enone 14 

(E/2=60/40). 

I-hydroxy-I’-nitrosulfone 3, once oxidized to the corresponding ketone lli will eliminate - 
sequentially one tart-butyl sulfonyl moiety, then a nitrite moiety, by treatment with excess 

of OBU (3hr at 25% in dichloromethane) ‘to give disnone13i in 9M (E > 98% according to 13C 

NM). (See scheme 7)l”. 
- 

Schem 7 

I 

2 lli 13i - - 

Such a double elimination sequence has been recently used in a synthesis of coriolin 11 . 

C - Conclusion 

The multicoupling ability of the 

functional groups to prepare new 

bromovinylsulfone 1 allows the introduction of a variety of 

vinyl sulfones of type 2, 3. These latter also add various 

nuclrophiles qivinq highly functionalirad substrates. honce a nay, for exaMlo to enones or 

dienonesr 
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EXPERI~NTAL PART - 

THF and ether were distilled from sodiun/benzophenone. infrared spectra were recorded on a 
Perkin Elmer 4576 spectrometer. Qoton NHR spectra were obtained at 1OOfWz with a Jeol WOO and 
at 25ORHt with a Bruker AH 250. C NHfI spectra were obtained with a Jeol FX90. Chemical shifts 
in COCl solution are reported in ppm relative to tetramethylsilane as an internal standard. Gas 
chromatdgraey was oarried out with a Carlo Erba 2lBB modal equiped with aq20V 101 (20 m) 
column. Merck 60 (70-230 mesh) silica gel was used for the flash chromatography . 

‘Addition of nucleophiles on wlfones of trpo 1 and 1 
t-B&y1 4-t-blltylsulfonylnonanoate 4a 
A solution of lithium dibutvleuorate(B moles) was oreoared bv the addition of 8.1 ml of BuLi 
(16 nnnol) 1.9BN in ether to-a suspension of 1;55 g (B kol) of Cul in 32 ml of ether at -50°. 
After 15 min of stirring at -30°, 1.1 g (3.98 mmol) of the sulfone 2a dissolved in 3 ml of ether 
was added at -4OO. After 1 hr at -35O the reaction was worked up asusually and the residue was 
purified by flash chromatography (solvent : hexane : CH Cl : ether/20:20:1) to give 1.19 g of 
white crystals (m.p. 6B°C. ; B9Yyield). See table 3 for %ha2spectroscopic data. 
Found : c, 61.10 ; H, 10.18%. Calcd. for C17H34S04 : C, 61.04 ; H, 10.24%. 

2-t-Butylsulfonyl-5+ethyl-l-phenyl-4-hoxene s 
A solution of the complexe Ph CuLi.tle 5 was prepared by the addition at -50° of 12 ml (10 mmol) 
of phenyllithium LO.B3N in et&or) to g suspension of .1.027 g (5 mm011 of CuBr.Me 5 in 20 ml of 
ether. After 15 min of.stirring’at -20D, the now homogeneous solution of the cup I& te was cooled 
to -40” and a solution of 550 ma (2.55 mnol) of the sulfone 2b was added. The reaction mixture 
was stirred 1 hr at -30” and worked up to give a resize which was purified by flash 
chromatography (solvent : hsxanc : ether : CH Cl /B:l:8). Uhite crystals are obtained (540 mg ; 
72% yield ; m.p. 49O). See table 6 for the sp ct oscopic data. t ? 
Found : C, 69.27 ; H, 8.96%. Calcd.for C,7H26502 : C, 69.34 ; H, 8.90%. 

E-%thyl4t_Butyl sulf&yl nonane 4c 
A solution of lithium dibutylcupratr(5 mmol) prepared as described above was cooled at -45O and 
a solution of 500 mg (2.45 mmol) of the sulfone 2c in 5 ml of ether was added. The reaction 
mixture was stirred 1.5 hr at -30° and worked up; The crude product was purified by flash 
chromatography (solvent : hexane : CH Cl 

2 f 
: ether/B:E:l) to give 590 mg of white crystals (m.p. 

340 ; 92% yield). See table 6 for the sp ctroscopic data. 

6eneral procedure for the addition of organolithiu coqwnds to sulfones 5 (a-d) 
In a three neck-flask, fitted with a thermometer, a magnetic bar and a sopTurn, and flushed with 
argon, 2.5 mm01 of the vinyl sulfona in 8 ml TtiF are first added. The mixture is cooled to -8O“C 
and a solution of the lithium compound (2.1 eq.) is added dropwise in 10 min, with a syringe, or 
with a teflon cannula. The reaction is followed by t.1.c. and is over in 30-40 min at -BOY. 
20 ml of sat. aqueous NH Cl solution and 20 ml CH Cl are then added. The two phases are separa- 
ted The aqueous layer is4extracted (20 ml CH Cl )? T$e organic phases are joined, then’washed to 
neutral with small portions of HCl lN, then f 0 41 of brine. After drying over magnesium sulfate, 
and evaporation of the solvents under a vacuum, the crude product is flash chromatographed. Sea 
tdble 3 for NMR data. 

5-tert-Butylsulfonyl-2,2-dimthyl-7-rxmer+341 (2) 5a 
(from (Z)-propen-l-y1 lithium and 3s). Obtained,: 038 g (81%) 
lf~~;Y~;z::4”i8;;xran; ;5;$er/70m:5. m.p. : B5Y (CH2C12/pentane). Only one diastereoisomer 

9 - ; H, 10.51%. Calcd. for C15H30S03 : C, 61.98 ; H, 10.51%. 

5-tert-Butylsulfonyl-6-phenyl-2,2-dirthyl-3-hexanol E 
(from phenyllithium and 3a). Found 0.76 g (93%). 
Eluent : CH Cl : hrxaner ether/70:30:10. 
Oil. The tw;6 dtastereoisomers (90/10) are not separated 

5-tert-btylsulfonyl-2,24imthyl-9 dodecen-3-01 (2) 5c 
(from (21-3 hexenyllithium and 3a). Obtained : 0.75 gTPO%). Eluent same as for E 
Oil. Only one diastereoisomer isdetected by NHR. 

4-tert-6utylsulfonyl-t-phony1 nanan-2-01 5d 
(from n.Butyllithium and 3b). Obtained : 6;-74 g (88%). Eluent : same as for g. 
Oil. The mixture of the t= diastereoisomers (57/43) is not separated. 
Found : C, 67.06 ; H, 9.50%. Calcd for C19H32S03 : C, 67.02 : H, 9.47%. 

Preparation of the dioxolane Ik13 
Prepared according to.R. Noyorl 
In a three-neck flask equipped uith a l+ermometer and a magnetic bar, ore placed 350 mg (1.34 
mmol) of 2-t-Butylsulfonylnon-1-en-4-one , 350 mg (1.7 mmol) of 1,2-bistrimethylsilyoxy cthane, 
and 2 ml ClitCla. The mixture is cooled at -7B°C and one drop on trimethylsilyltrifluoromethane 
sulfonate I a ded. After stirring at -40°C for 24 h, the mixture is hydrolyzed with 5 ml of a 
saturated sodium hydrogencarbonate solution; The organic phase is washed with 2 x 20 ml of sat. 
HNaCO 

9 
solution, 20 ml water’, and 20 ml brine. After drying of the organic phase on magnesium 

sulfa e and evaporation of solvents, 401 mg (99%) of pure C are.obta’rned. 
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Dioxolum of 6-w lwlfonyl-D-tridacamm 5f 
Froa 3c, see general prooedurm but 1.05 eq. of nxuLi is used instrad of 2.1 eq. 
0.4 g757%) of x (oil) are obtained. Same sluent as for g. (IUM data, table 3) 

*ral promo&r0 far the ddition of nitroalkanos or malonatm 
In a flask equipped uith magnetic stirring are placed 1.2 nmol of the vinylic sulfone, 1.5 ml of 
nitroalkane or disrthyl ulonate and 220 mg (1.45 smol of 1,5-diarabicyclo(5,4,0)undene-5 (DBU)) 
under an argon atmosphere. The reaction is followed by t.1.c. Whrn the reaction is over, 100 ml 
of CH Cl are added, and thr.organic layer is wshed successively with a 10% Hr.1 solution (3 x 
30 ml?, a saturated solution of sodium carbonate (30 ml) and brine (30 ml). After drying over 
magnesium sulfa% and evaporation of solvents under vacuum, the crude product is purified by 
chromatography . The reaction conditions (time, temperature) are quoted in table 1 ; 
spectroscopic data are quoted in table 3. 

4-tort-Butylsulfonyl-Z-nitro-2,bdimthylheptane 4d 
From &, and 2-nitropropane, 0.18 g of 2 are obtxned (75%) as an oil. Same eluent as for 2. 

5-tert-Dutylwlfonyl-7-oitro-2,2-dirthyl-34odecanol 3 
From 3a and 1-nitrohexane, 0.32 g (72%) of 5h (oil) are obtained (same eluent as for E. Four 
diastzeoisomers are obtained, and not separxed. 

Dirthyl-(2-tert-butylsulfanyl-4-hydroxy-5,5-diaethyl-l-haxyl)-2-malonata 5h 
From 3a and direthylmalonate, 0.39 g of 5i are obtained (86%) as an oil ; Gme eluent as for 2. 
Only one diastereoisomer is observed in HR. 

5-tert-Dutyl5ulfonyl-7-hitro-2,2,7-trimethyl-3-octanol 5i 
From 7c and 2-nitropropane, 0.37 g of 5i are obtained #@%I. Same eluent as for Sb. Crystals. 

. ?123°-1320C 
Xnd 

(from CH Cl /Pentaner Mixture of two diastereoisomers (6B/32)_ 
: C, 53.25 ; H, 9.3d. lalcd. for C15H31NS05 : C, 53.39 ; H, 9.26%. 

1 .l-Dimethoxy-3-nitrobutane 7 6 
li In a flask containing 60 iii1 of water kept at 60°C and stirred magnetically, are added 20 g of 

1 ,l-dimethoxybutao-3-one (150 mmol), 2 g of sodium acetate (24.3 mnol) and 16 g of hydroxy- 
lamin hydrochloride (230 mmol). The mixture is stirred for 45 min, while thr temperature is 
allowed to reach 25%, and then extracted with ether (4 x 50 ml) ; the organic pha6es are 
joined and washed with a saturated solution of sodium hydrogencarbonate, until neutral, then 
with brine. The solution is dried over potassium carbonate and solvents are evaporated under 
vacuum. The yellow oil is distilled (b.p. 126Y/lO torr) ; 16 g (72%) of the oxime is thus 
obtained. 

2/ To 61 mmol (9 g) of the oxime, in 300 ml of benzene, is added 1 equivalent (332 ml) of hypo- 
chlorous acid 0.184N at P 5.5, obtained by acidification by sulfuric acid, of a comercial 
solution of sodium hypochllrite. The two-phase blue solution is vigorously stirred for 30 min 
at 25Y. The organic phase, containing the chloronitroso intermediate is treated with 245 ml 
of a solution of spdiun hypochlorite at P 10.0, containing 7.06 g of tetrabutylammonium 
hydrogenosulfate. After stirring for 30 tiin at room temperature, the blue colour is 
discharged, the organic phase is decanted, and the. aqueous phase is extracted with ether 
(4 x 50 ml). The joined organic phases are washed with brine (2 x 100 ml), then dried over 
magnesium sulfate, and solvents are evaporated under vacuum. 
The crude oil is then purified by bulb to bulb distillation to give 16 g (54%) of 
l,l-dimethoxy-3-chloro-3-nitro butane b.p.= 65V/l torr. 
Note : P 
“line wa V 

values must be controlled accurately ( + 0.1 unit), and the coumercially available 
er” must ba of recent origin. 

3/ 2.7 g (13.6 mmol) of the preceding chloro nitro acetal are dissolved in a mixture of methanol 
(150 ml) and NaOH 2N (36 ml). 495 mg of palladium 5% on charcoal are added, and hydrogenation 
is performed under a normal pressure of H, at 23OC for 4 h. After filtration of the catalvst. 
and addition of 17 ml of acetic acid, f!he mixture is continuously extracted with pa&a& 
during 12 h. Pentane is distilled under normal pressure and the residue is distilled to give 
1.61 g (72.2%) of nitroacetal 7 b.p. = 8R°C/3 torr. - 

see the general procedure starting from 3d and 7. 
4.12 g (95%) of a are obtained as an oiT(sameeluent as for 5&l containing 4 diastereoisomers. 

Alkylation 

Dioxolana of Ctert-butylsulfmyl-4-n.pentyl-le (10) 
3c is treated according to the procedure leading to Sf, but insGad of hydrolyzing the reaction 
sxture. 4 ~001 (0.49 g) of ally1 bromide in 5 ml THrare added, and the temperature is allowed 
to raise to 25O. The reaction is followed by t.1.c. until coapletion, and the mixture is 
hydrolyzed according to the general procedure leading to Sa-d. 
0.64 g of dioxolane E (80%) are obtained, aa an oil. - 

Synthesis of anomsanddiemms 
Danacal procedure for tba oxidation of l )cdmls into ketoms 
To a solution of 2.3 ma1 of the alcohol in 10 ml CH Cl is added 1.6 9 (7.4 Mel) of pyridinium 
chlorochrcaate, and the mixture is magnetically s AA r d over B hr at rocwn temperature. The 
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mixture turns black and a precipitate separates out. 50 ml ether and 50 ml dichloromethane are 
added, and the mixture is filtrated over a short column of silicagel (3 x 3 cm) deposited on a 
sintered glass to remove the chromium salts. 
The precipitate is washed with CH Cl until the filtrate is free of product. The filtrates are 
joined and solvents are evaporate 8 iA vacuum. The residue is purified by flash chroaatography on 
silicagel. For spectroscopic data see table 4. 

5-tert-&ltyl~lf~ld-phenyl-2,2-di~thyl-~~urone llb 
From 2. Eluent CH2C12:hexane:ether/70:30:5. Obtained 0.65 g (87%) of fi (oil). 

S-tert-b&leulfonyl-2,2-dinthyl-9-ded-3-om (Z) llc 
From &. Same eluent as above. Obtained 0.67 g of G zan oil 

5-tart-fUylsulfonyl-7-nitro-2,2,7-trimthyloctan-3-one lli 
From 5. Same aluent as above. Obtained 0.67 g of fi as= oil. 

Ceneral procedure for the hydrolysis of rulfo-acetals 
Silicagel for chromatography (3 g) is added, with stirring, to 4 ml CM Cl in order to obtain a 
homogeneous paste. 20 drops of 10% sulfuric acid are then added, f%l&ed by 1 nxnol of the 
acetal in 1 ml of dichloromethane. The mixture is stirred for 4 hr at room temperature and 500 
mg of solid hydrogen sodium carbonate are added. Stirring is continued for 10 min and the 
mixture is filtered. The precipitate is washed with dichloraethane (50 ml). and ether (50 ml). 
The joined solutions are evaporated under vacuum, and the residue is chromatographed on 
silicagel. Spectroscopic data in table 4. 

R-tert-Butyl-6-tridecanone llf 
From 5f. Same l luent as abox 0.202 g of llf (85%) are obtained as an oil. 
Found? C, 64.06 ; H. 10.86%. Calcd. for CH SO : C, 64.10 ; H, 10.76%. 
4-tort-Butylsulfonyl-4-n.Pantyl-1-undace n-a%: la 
From 10. Same eluent as above. - 0.315 g of 2 (BBU are obtained as an oil. 

Ceneral procedure for the elimination reactions by DBU 
2.1 mmol of OBU (294 mg) (4.2 mm01 in the case of nitroketone Tli) are added to a solution of 
2 mm01 of the ketone in 10 ml dichlorumethane. The mixture is sirired at room temperature. The 
reaction is followed by t.1.c. Uhen it is over (30 min to 90 min), 100 ml of dichloromethane are 
added, and the solution is washed successively with a 10% HCI solution (3 x 20 ml), a sat. 
solution of hydrogen sodium carbonate (2 x 20 ml) and brine (20 ml). The organic phase is dried 
over magnesium sulfate and then evaporated, and the residue is chromatographed on silicagel. 

&Phenyl-2,2-dinthyl4haxen-3 (El 13b 
From Ilb. Eluent:CH Cl :hexanc:ether/70:~1. 375 mg (93%) of ketone 13b are obtained as an oil. 
Found :C 83.05 * 6 '9.05%. Calcd. for C H 
2,2-Di&tyl-4,9-&cediew34me (4E,9Z) Hc” 

0 : C, 83.12 ; H, 9.OOc 

From llc. Eluent .: CH Cl :hexane/70:30. 381.6 mg of 13c are obtained as an oil (90%). 
7-Tri&kn-6+ww (Z) ?3f2 
From Ilf. Same eluentas in the preceding example. 353 mg of ketone 13f are obtained as an - 
oil.Cm. 
4-n.Pentyl-1,4-undeudien-6-one 14 
From 12. Same eluent as in the preceding case. 
Mixture of two isomers E/Z = 40/60. 

364 mg of ketone 14 are obtained as an 

2,2,7-Trimethyl-4,6-octedienG!-one (El 13i 
From lli. Eluent : - pentane:CH2C12/40:60. 299 mg of ketone 13i are obtained as an oil. 

Table 3. Spectroscopic data of coqounds 4a-40 and 3-9 -- 

oil (77%). 

(90%). 

Structure 
1 
H Spectraa 

13 
C NHR Spectra' I.R.b 

a 

4c 

0.94(t,J=6.6Hz,3H,(a)); 172.l(j);BO.5(k):6O.B(n) 2950,2920,2980, 
1.27-2.35m,lOH,(b,c,d, 32.1;31.7;2B.B;2B.l(1~ 1732,1468,1425, 
e,h);l.46(s.9H,(m)):?.50 26.5;24.3;23.B(m);22.4; 1380,1362,1321, 
(s,9H,(1));2.5O(m,ZH, 14.0(a) 1270,1150,1100, 
(i));3.36(m,lH,(g)) 849,700 

3060,3020,2960, 
2920,1600,1490, 
1465,1450,1285, 
1110,800,74B,700 

0.93(m,9H,(i,j,a));l.27- 6O.B(g);55.7(f);3B.O; 2960,2940,2870, 
2.M)(m,llH,(b,c,d,e,g, 31.9;29.5;26.4;26.0;24.1; 1465,1370,1285, 
h));l.46(s,PH,(1));3.26 23.1(1);22.4(j);2l.B(i); 1120,1105,800, 
(m,lH,(f)) 14.0(a) 700 
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0.94(s,9ti,(a));1.50(5, 126.81;125.65;76.72(~); 
9H,(j)l:1.70(d,3H, 61.38(k);S4.37(s);35.04 
J=6.5H1,(1));1.9O(m,2H, (d);30.7E(b);26:39(f); C 

(f));2.75(m,2H,(d));3.34 f~j53(aI;23.95(,);12.96 
(~,lH,(r));3.76(la,2H, 1 
(OH,c));5.7O(,m,ZH,(h,g)) 

0.72(~,9H,(c));l.40(~, major isomar:137.5(i); 3515,3085,3060, 
9H,(a));1.60-2.20(m,2H, 129.49;128.38;126.63(f) 3030,2960,2910, 
(h));2.86b,2H,(f)); 76.90(e);61.32(b);56.37 2870,1600,1495, 
2.95-3.55(m,2H,(r,g)); (g);35.2e(f);34.83(h); 1480.1455.1395, 
3.88(la,lH,OH);7.50(s, 31.25(dI;25.33(c);23.84 1365,1280,1220, 
5H,phenyl) (a) 1195,1110,1070, 

1005,960,910,865, 
845,800,735;700, 
660 

0.9O(m,12H,(c,n));l.40 132.23;128.09;76.72(~1); 3510,2960,2870, 
(s,PH,(a));1.58-2.2O(n, 61.13(b);54.67(g);35.04 1655.1480.1465. 
10H);3.00(m,lH,OH);3.3O (F);31.25(d);tB.3O(h); 1400;1365;1280; 
(m,lti);3.65(m,lH);5.48 27.02;26.55;25.56(~); 
(m,ZH,(k,l)) 23.95(a);20.46(i);l4.27 

(n) 

1215;1200;1115; 
lo70,1010,965,945, 
920,850,835,805, 
740,705,655 

0.90(m,(k));1.32and 1.40 148.32(1);146.17(1): 
(2s,PH,(a));1.54and 1.62 128.12;126.66;125.23; 
(~.9H),(c1);2.00(m.ZHI 124.60;73.01(d);72.8S(d): 

61.62(b):61.35(b):54.41 (9)j;z.io(,m,zH,(e)i; 
3.'30(m,lH,(f));3.60 and 
4.14(2s,lH.OH);7.50(m, 
5H,(phsnylj) 

(f);53-.7i(f);42.3?;41.68; 
32.21:31.79;31.52;31.14 
29.41;26.58;25.47;24.07 
(a);23.95(a);22.37;14.03 
(k);13.76(k) 

2.82(s;2H;(e)i;4;06(s, 
4H,(l,m);6.43(s,lH, 
(Hd trans/SO ));6.54(s, 
lH,(Hd cis/Sa2)) 

142.48(c):131.87(d); 
110,95(f):65.04(1,m) 
59.aa(b);37.54(e);36.86 
(g);31.91;23.53(a);22.88; 
22.55;14.00(k) 

0.9O(t,6H,J=6.5Hr,(c,o)) 110.95(j);64.8O(p or 4); 2955,2930,2870, 
1.30-1.50(la.16H):1.40 61.08(b);52.76(h):37.81 1480.1465.1380. 
~s.9H,~a)~;2~24~m~2H,~i~,~i~;35.~~~k~;31.9~;30.63; 
part of an ABX system; 26.64;23.89(a);22.37; 
4.04(s.4H.(o.q):3.~(m. 14.OO(c,o) 
lH,(h);pa&.oi in ABX 
system 

0.96(m,6H,(h));1.2-1.8 
(m.3H.(f.9));1.47(~.9H. 
cji);i.7iis.kH,ca,bj):. 
2.08(dxd,part of an ABX 
system,JAB=16.5Hz,JAXo 
6Hz,lH,(d);2.82(dxd,part 
of an ABX system,JAB= 
16.5Hz,JAX=6Hz,lH,(d)); 
3.36(m,lH,part of an ABX 
system,(e)) 

87.45(c);61.83(i);52.26 
(0);41.15 and 40.46ta.b); 
27.29;25.39(h);24.25(j); 
22.97;21.87 

3470.3080.3060, 
3020,2960,2930, 
287U,16W,1490, 
1480,1460,1445, 
1395,1370,1275, 
1145,1105,1070, 
1030,940,915,800, 
770,705,655 

2950,2925,2870, 
1620,1480,1465, 
1430,1395,1380, 
1365.1290.1195, 
1115,1100,1080, 
1030,950,925,895, 
875,825,805,745, 
605,665 

1365;1285;1200, 
1110,1085,1035. 
950,820,805,695, 
660 

C 

86.14 and 85.51(i);76.96 
(e);62.15 and 61.28(b); 
52.17 and 51.18(g);35.34; C 

35.01:34.56:25.41(c); 
23.95 and 23.68(a);22.28; 
13.88(n) 

170.07 and 169.15(j.k): 
76.Ol(e):61.23(b);52.76 
(g);51.93(i);49.73(h); c 
34.95(f);32,89(d);27.77; 
25.59(c);23.81(a) 
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0.88(s,PH,(c));1.40 and 88.05 and 87.12(i);75.95 
1.44(2s,9H,(a));1.67(6, (e);62.15 and 61.49(b); 

. 
3 

6H.(j,k));l.90-2.50(m, 
3H);2.50-3.3O(m,ZH); 

51.07(g);40.19(h);34.89 
(f);34.20;25.38(c);24.34 

3.74(m,lH,UH) and 23.81(a) 

3495,2960,2870, 
1535,1470,1400, 
1375.1365.1345, 
132U,13UO,1270, 
1215,1190,1150, 
1135,1105,1070, 
1010,990,960,940, 
915,885,800,730, 
715,660.625 

.?i 6.30(2m,2H,(n.o)) 21.54(x) 

a/ All spectra in COCl THS as internal standard ; 
b/ I.R. spectra are r&rded as films (liquids) or K8r plates (solids) ; 
c/ not recorded 

Table 4:. Spectroscopic data of cqwrxla x (alkyhtion), fi (ketmsulfoms), 13 and% hwness) 

Structure 1 
H NHR Spectraa 13C NM Spectraa I.R. 

0.92(m,6H,(a,r));1.58 134.40;117.66;11.73(f); 3070,2960,2930, 
(s,9H,(t));l.l0-1.80(m, 2870,1635,1460, 
14H,(b,c,d,n,o,p,q); 

75.59(g,h);67.07(j); 
63.61(6);39.09;38.79; 1360,1275,1100, 

1.98(m,2H,(eJ);2.55(s, 36.92;34.71;32.63;31.97; 1030,945,912,700, 
2H,(i));2.91(m,tH,~k)): 26.19(t);23.84;22.56; 680,650 
4.05(m,4H,(g,hJ);5.19 14.06(a,r) 
(m,2H,(m));6.18(r,lH,(i)) 

1.04(6,9H,(a));1.45(s, 
PH,(k));2.40-3.lO(m,2H, 

211.58(c);136.76(g); 
129.16 and 128.68(h,i); 

(f));3.40(m,2H,(d)); 
4.so(m,lH,(s));7.40(6, 

126.99(j);61.17(1);52.26 C 
(e);43.86(b);36.29;35.69;. 

5H,(phenyl)) 26.37(a);23.71(k) 

0.96(t,3H,J=7.5Hz,(nJI; 
1.16(~,9H,(c));1.38(~, 
9H,(a));2.04(m,4H(m,n)); 
2.68(dxd,lH,part of an 
A8X system,JA8=18Hz, 
JAX=6Hz,(f);3.40(dxd,lH 
part of an A8X system, 
JA8=18Hz,JAX=bHz,(f); 
4.08(m,lH, part of an 
A8X system,(g);5.42(m, 
2H, (k,l) 

211.57(e);132.53(k): 2960,2940,2880, 
127.82 ; 60.69(b);51.52 1710,1480,1465, 
(g);44.QP(f);36.38(h); 1400,1370,1350, 
30.21;26.90,26.57(~); 1285,1200,1115, 
23.68(a);20.50;14.27(n) 1065,1010,940,915, 

850,805,715,700, 
660 

0.90(m,6H,(c,o));1.44(s, 
9H,(a));l.l0-2.OO(la, 

207.16(h);60.72(b);52.23 
(j);42.94(1);41.33(9); 
31.52;31.31;30.66;26.64; 
23.67(a);23.30;22.43; 

n 1 
D 
M It ’ hIa . . (m,lH,(i));4.00(m,lH,o)13.91(c,o) 

14H,(d,e,f,k,l,m,n)); 
2.50(m,3H,(g,i));3.20 

1.2O(s,PH,(k));1.44(s, 211.04(<);86.77(c):61.92 
9H,(g));1.68(d,5H,J-3Hz (fJ;47.76;43.83;40.37; 
(a,b));2.25-2.85(m,3H. 38.22:26.58(g);23.75(k) 

lli (d,h));3.57(dxd,lH,part 
- of an A8X system,JAB=ZlHz 

JAX=6.5Hz,(d));4.26(m,lH, 
part of A8X system,(e)) 

23.30;22.46;14.03;13.91 

C 

C 

C 

c 
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0.96(t,3H,J=7.5Hz,(l)); 203.41(c);147.01(s);132.29 
1.2O(s,9H,(a));l.52(m, (ii;l28.18(j);l24.33(d); 
2H,(q));2.12(m,6H.(f.h, 42.7O(b);31.91;28.30;26.54; C 

k));5.40(m,2H,(i.j)); 26.19(a);20.56;14.36(1) 
6.60(m,lH,(d));7.06(m, 

200.76(f);147.18(h);130.38 
(g);40.04(e):32.47;31.58: 
31.43;27.88;24.07;22.52; C 

13.97(a,m) 

208.36 and 207.49(f);136.88; 
136.16;132.61;129.99; 
128.62;116.71;116.53;51.60; C 

(g));3.16 et 3.30(2s.ZH. 45.56;41.80;37.99;31.79; 
(c));S.2O(m,2H,(a));6.06 31.64;31.46;30.93;28.04; 
(m,1H,(b));6.64(m,1H,(e))27.50;24.16:23.51;14.03;13.99 

1.16(s,9H,(a));1.92(ls, 204.72(~);147.04(e); 2965,2930,2870, 
6H,(h,i));6.lU(d,lH, 139.17;124.39(d);l21.75; 1680,1630,1590, 
J-12Hz,(d));6.56(d,lH, 42.8l(b);26.37(a);l8.95 1480,1450,1395, 
J=l6Hz,(f);7.72(dxd,lH, (h,i)) 1385,1365,1355, 
Jl=12Hz,J2=16Hz,(e)) 1310,1285,1250, 

1075,1005,885,780 

a/ COCl as solvent and THS as internal standard ; 
b/ reco?ded as films (liquids) or K8r plates (solids) ; 
c/ not recorded 
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